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In this study, 26 blood samples were collected from 25 healthy cats and one cat 
with clinical signs suggestive of feline infectious peritonitis (FIP), namely, fever, 
weight loss, enlarged abdomen, and ascites. Blood samples were tested for feline 
coronavirus (FCoV) messenger RNA (mRNA) by an reverse transcriptase- 
polymerase chain reaction (RI-PCR) assay which has previously been described 
to have a high specificity in the diagnosis of clinical FIP [Simons AF, Vennema H, 
Rofina JE, Pol JM, Horzinek MC, Rottier PJM, Egberink HF (2005) A mRNA PCR 
for the diagnosis of feline infectious peritonitis. Journal of Virological Methods 124, 
111-116]. Overall we found 14 (54%) of the cats were positive for FCoV including 
the cat with clinical disease, but the high rate of positivity among healthy cats 
suggested a poor specificity for the clinical diagnosis of FIP among these cats. It 


was observed that the positivity rate was highest in cats aged between 6 
months—1 year old. Our findings suggest that FCoVs may be present in the 
blood samples from healthy cats as well as cats with clinical FIP. 

© 2007 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved. 


Date accepted: 2 March 2007 


eline coronavirus (FCoV) has been di- 
HE vided into two biotypes, known as feline 

enteric coronavirus (FECV) and feline in- 
fectious peritonitis virus (FIPV) (Pedersen et al 
1981, Pedersen 1987). FECV is extremely wide- 
spread in cat populations, often being asymp- 
tomatic or causing only mild enteric infections 
(with a predilection for replication in entero- 
cytes). Molecular studies have suggested that 
mutations in the FECV genome induce the viru- 
lent FIPV variants in infected cats and the 
presence of these variants coupled with an inad- 
equate immune response leads to the develop- 
ment of a fatal immune-mediated clinical 
disease — FIP (Benetka et al 2004). Several factors 
are recognised to be important in the epidemiol- 
ogy and development of FIP including the age of 
the cat at the time of viral exposure, genetic 
factors, stress, the physical condition of the cat, 
presence of concurrent disease (such as feline 
leukaemia virus and feline immunodeficiency 
virus), multi-cat households, dose and strain of 


*Corresponding author. Tel: +90-312-3170315x448; Fax: +90-312- 
3164472. E-mail: oguzoglu@veterinary.ankara.edu.tr 


1098-612X/07/050369+04. $32.00/0 


FCoV, pre-existing FCoV antibodies and level 
of cell-mediated immunity response (Hoskins 
1993). 

In contrast to FECV biotypes, mutated FCoV 
(FIPV variants) replicate well in macrophages 
(Vennema et al 1998). Although FECV bio- 
types replicate mainly in enterocytes, FCoV 
RNA has been detected by reverse transcriptase- 
polymerase chain reaction (RT-PCR) in the blood 
of healthy cats as well as in the blood of cats with 
FIP (Herrewegh et al 1995, Gunn-Moore et al 
1998). Thus, it is suggested that the results of 
RI-PCR must be interpreted in conjunction 
with other clinical findings for the diagnosis of 
FIP. Recently though, Simons et al (2005), re- 
ported a RI-PCR assay detecting messenger 
RNA (mRNA) of the highly conserved M gene 
of the FCoV genome in peripheral blood cell 
samples, and the results of this assay appeared 
to be able to distinguish clinical cases of FIP 
from other diseases (and from healthy cats) 
with a high degree of accuracy. The purpose of 
this study was to evaluate the presence of 
FCoV in blood samples from cats with or without 
clinical signs of FIP living under different 
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conditions using the primers reported by Simons 
et al (2005) by mRNA RT-PCR. 


Materials and methods 


Blood samples were collected from 26 entire ped- 
igree Tekir cats all aged greater than 6 months. 
One of these cats, from a single cat household, 
had clinical signs consistent with FIP (fever, 
weight loss, enlarged abdomen, presence of asci- 
tes) and 25 were overtly healthy cats. Three of 
the 25 healthy cats were living together in a single 
household (with a history of potential FIP pre- 
viously in the household), and 22 were stray 
(outdoor living) village cats all from the same 
locale. The ages and sexes of these cats are 
shown in Table 1. 

Blood samples were collected from all 26 cats 
for mRNA FCoV testing by RI-PCR. Anti- 
coagulated (ethylenediaminetetraacetic acid) 
blood samples were centrifuged and total RNA 
was extracted from the centrifuged blood (leuko- 
cytes) by using a high pure viral RNA Kit 
protocol (Roche, catalogue number 1858874, 
Germany). For the RT reactions, 3 pl of the 
RNA extract solution was mixed with 3 pl dis- 
tilled water and 0.5 ul random hexamer primer 
(Fermentas, Lithuania), incubated at 70°C for 
5 min and immediately cooled on ice. Subse- 
quently, a mixture consisting of 2 ul RI-buffer 
(5x, Fermentas, Lithuania), 1 ul deoxyribonucle- 
otide triphosphates mix (Fermentas, Lithuania) 
and 0.5 yl Moloney murine leukaemia virus RT 
(Fermentas, Lithuania) was added. The reaction 
mixture was spun down and incubated for 
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10 min at 25°C and 60 min at 37°C. The enzyme 
was then inactivated by incubation at 70°C for 
5 min. 

Following reverse transcription, PCR was 
performed using the primers and methods of 
Simons et al (2005). The amplified products 
were separated on a 1% agarose gel containing 
ethidium bromide, visualised by fluorescence in 
ultraviolet light and the results recorded on 
Kodak 1D film. 


Results 


The RI-PCR results of this current research 
revealed that 14 (54%) of sampled cats were 
positive for FCoV mRNA. The results are sum- 
marised in Table 1, which also shows that 10 of 
the 16 female cats were positive (63%) compared 
with four of the 10 males (40%) but these propor- 
tions are not significantly different (P > 0.05, x”). 

In the samples identified positive for FCoV, 
fragment of expected size 295 bp for M gene 
of FCoV were obtained in mRNA RI-PCR. 
Also glyceraldehyde phosphate dehydrogenase 
(GAPDH) positive controls were detected in all 
tested samples (Fig 1). 


Discussion 


It is known that FCoV infection is extremely 
widespread in cat populations, although this is 
the first report regarding the detection of FCoV 
in cats in Turkey. Although we only sampled 
a small number of cats, our results suggest that 
FCoV infection is also prevalent in Turkey. We 


Table 1. Distribution of FCoV infection in cats according to age and sex 


Age Tested Number of FCoV Sex Remarks 

cat (n) detected (%) 

Tested ?:3 FCoV detected ?:d Indoor Outdoor 

6 months—1 year 7 5 (71%) 4:3 oe ifs 6 
2 years 6 3 (50%) 4:2 3:0 = 6 
3 years 7 2 (29%) 4:3 ilell = 7 
5 years 1 1 (100%) 1:0 1:0 = 1 
6 years 1 1 (100%) 1:0 1:0 1 - 
7 years 1 1 (100%) 0:1 0:1 if = 
13 years 1 1 (100%) 1:0 1:0 1 = 
Unknown 2 0 (0%) ileil 0:0 = 2 
(>6 months old) 
Total 26 14 (54%) 16:10 10:4 4 22 


*Cat with clinical signs of FIP. 
'Three pedigree cats from same household. 


The detection of FCoVs in blood samples 


Fig 1. 


M: 100 bp molecular weight marker (Fermentas), 
lanes 1 and 3: amplification mRNA RT-PCR product 
(295 bp) from blood samples, lanes 2, 4 and 6: GAPDH 
mRNA positive, lane 5: mRNA negative PCR control. 


found a higher (but non-significant) infection 
rate in female cats in this study, and although 
Benetka et al (2004) reported a lower incidence 
of FIP among female cats, Pedersen (1976) and 
Kiss et al (2000) found no correlation between 
gender and FIP. 

In this study, only three of the 26 cats were 
purebred and we cannot make any conclusions 
about the relative prevalence of infection in pure- 
bred and domestic cats in Turkey. However, clin- 
ical FIP has been reported more commonly in 
purebred cats elsewhere, and Benetka et al 
(2004) has suggested that some purebred cats 
might have strong genetic predisposition to de- 
velop disease. Our small study suggested wide- 
spread FCoV infection in both pedigree and 
domestic cats, and showed a wide age range to 
be affected. Clinical FIP has previously been 
documented to be more common in cats less 
than 1 year of age (Addie and Jarrett 1992), and 
consistent with this observation, we found 
a higher rate of FCoV infection in younger cats 
(71% in cats 6—12 months) than older cats (47% 
in cats over 1 year). 

It is also reported that FECV infection is en- 
demic in multiple cat household (being com- 
monly spread by the faecal—oral route), while 
FIP is a sporadic disease (Foley et al 1997). 
Vennema et al (1998) have also reported that 
FIPV, unlike FECV, is generally not transmitted 
horizontally from cat to cat (FIPV variants arising 
de novo within a cat already infected with FECV). 
The use of RT-PCR assay has been suggested by 
several researchers (Benetka et al 2004, Campolo 
et al 2005) as a suitable technique for detecting 
FCoV carrier cats at early periods of infection. 
However, viraemia has been shown to occur not 
only in cats with FIP, but also in healthy carriers 
(Herrewegh et al 1995, Gunn-Moore et al 1998), 
and there are presently no diagnostic assays 
that distinguish virulent and avirulent FCoV var- 
iants. Nevertheless, using the same methods we 
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employed in this study (an identical RT-PCR 
detecting mRNA for the highly conserved M 
gene), Simons et al (2005) reported that the detec- 
tion of FCoV in peripheral blood mononuclear 
cells showed a high specificity for the clinical 
diagnosis of FIP with a very low proportion of 
healthy cats (or cats with non-FIP disease) testing 
positive with this assay. 

In contrast to the results obtained by Simons 
et al (2005) we found that 14 of 26 (54%) blood 
samples from cats were positive for FCoV 
mRNA, and only one of these cats had clinical 
disease that was consistent with a diagnosis of 
FIP. Although long-term monitoring of the out- 
door cats in this study could not be performed, 
we are aware that three of the 13 PCR-positive 
healthy cats (the three that were housed together 
in a single house) remained healthy for at least 6 
months. These three cats, which were 6, 7 and 13 
years old, had previously lived with another cat 
which had developed FIP-like clinical signs and 
had died 1 month before this study was under- 
taken. Overall, we found positive PCR results 
in 13 of 25 healthy cats (52%), whereas Simons 
et al (2005) reported positive results in only 5% 
of healthy cats (and 93% of cats with confirmed 
FIP). Our detection rate was also higher than 
that reported by others (Herrewegh et al 1995, 
Gunn-Moore et al 1998) who used different 
RI-PCR technique for detection of FCoVs in 
blood from healthy cats. We do not know exactly 
why our results are so different to those of 
Simons et al (2005), but they raise important 
questions over the specificity of this assay in 
diagnosing clinical FIP. The sequencing of 
FCoV isolates detected in this study has not yet 
been completed, but such results may help to 
clarify whether the positive results relate to in- 
fection with FECV or FIPV biotypes. However, 
the lifestyle of these cats (mainly outdoors, but 
living in groups and sharing food and toileting 
areas) would certainly predispose to a high rate 
of FECV transmission (Kass and Dent 1995, 
Pedersen 1995, Addie et al 1996), and this 
may explain the high number of PCR-positive 
samples. 
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